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Abstract 
In this work, the authors realize a simulation in Comsol Multiphysics of a swimming pool with a cubature of 495m3 
at a temperature of 27°C, where it is searched as principal objective to see the homogenization of the water 
temperature in its volume in function of the geometric characteristics of the swimming pool, the localization of the 
points of discharge and suction of the water and the environmental conditions. To make the simulation, it will do 
during the period of time available a series of measurements thermo-fluidics that contains temperatures, flow of water 
to the inlet of the swimming pool, power of the pump of the system of filter, between others, with the purpose of 
obtaining a result near to the reality. The Second objective of this simulation is to present different positional 
configuration of the points the discharge and suction which bring to a better homogenization of temperature in the 
water. This tool will allow designers and builders of swimming pools, set the suction and discharge systems, in such a 
way that allows adequate homogenization of the temperature with minimal energy consumption. 
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1. Introduction 
Throughout history, mankind has shown a great dependence on fossil fuels as a primary resource for 
electricity generation, which get to meet global energy demand of about 80% [1]. However, prolonged use 
of fossil fuels generates a group of effects that significantly affect the environment, which are manifested 
through global warming, environmental pollution and the deterioration of the ozone layer. Because of 
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these problems have been developed, based on various research projects, technologies friendly to the 
environment, which use alternative energy sources. 
Today, there are many processes in nature domestic, commercial and industrial demand high energy 
consumption, such as in the heating and cooling, which are presented as high-impact activities in modern 
society, particularly the pool heating as a thermal process that involves the use of large heat loads, which 
reflect high investment costs and operation by the heating system, which can be reduced through various 
routes, optimizing the thermal load and to allow adjusting the pool better homogenization process the 
temperature of the pool. This last point is the main objective of this paper which seeks to study the 
homogenization of the temperature of a swimming pool under different positions of the injectors. 
 
2. Case Study 
The pool that will be studied in this work is within the Pontificia Bolivariana University, located in the 
city of Medellin, Colombia, which can be seen in Table 1, which is accompanied by a group of data 
describe its technical characteristics and operation conditions to be used in the simulation. 
 
Table 1. Technical characteristics of the pool 
 
 
 
 
Pool size 
Width 12.5 m 
Long 25 m 
Vessel depth 1.65 m 
Water Depth 1.48 m 
Operation Conditions 
desired temperature 27°C 
thermal cover Yes 
Hours of use 9:00am–7:30 pm 
Maintenance Schedule 8:00pm–7:00 am 
Schedule blanket use 8:00pm–7:00 am 
Environmental conditions in Medellin 
Temperature 21.5°C 
Wind Speed 1.31m/s 
Solar Radiation 4.5kWh/m2/día 
 
Currently, the heating of the pools is accomplished by designing and implementing a heating system to 
meet the thermal load required to achieve and maintain the required comfort. However, this process is 
usually performed on pools are built. 
At present, the use of computational fluid dynamics (CFD), has become a potential tool for the design 
and evaluation of thermal systems in order to obtain improvements in the infrastructure and displaying 
fluidic thermal phenomena [2] . 
However, the initial physical form of a pool can lead to problems of homogenization of the water 
temperature. Therefore, in this paper it was decided to simulate the pool considering several locations for 
the injectors in order to visualize the degree of temperature distribution and its impact on uptime to keep it 
under conditions of comfort. 
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3. Simulation of the Pool 
A process simulation must be done by performing a set of steps which include the identification of the 
problem, boundary conditions, meshing, results and analysis of results. Therefore, in the following 
sections will show the simulation processes the pool at the Universidad Pontificia Bolivariana. 
 
3.1 Boundary Conditions 
The pool water has several interactions with the environment should be identified for the proper 
establishment of the boundary conditions which are related to fluid mechanics and heat transfer. 
The following table illustrates the boundary conditions needed to simulate the movements of the fluids 
within the pool [3]. 
 
Table 2. Boundary conditions for the movement of water from the pool 
Element Description Boundary Condition  
1 Pool injector In flow= 1.25m/s 
2 Skimmer P=0 Pa 
3 Skimmer P=0 Pa  
4 Skimmer P=0 Pa  
5 Side Wall Wall 
6 Side Wall Wall 
7 Side Wall Wall 
8 Floor Wall 
9 Free surface of the pool water Symmetri Boundary 
 
Moreover, from the standpoint of heat transfer, there are various phenomena that affects the 
temperature of the pool which are represented by the following thermal features:  
 
x Heat transfer by conduction 
x Heat transfer by convection 
x Heat transfer by radiation 
x Heat transfer through evaporation of water from the pool 
    
Conduction within the simulation was neglected because it is the lower impact mechanism, adopting 
percentage values less than 1% in relation to energy losses [4], [5] y [6], . However, other phenomena 
were taken into account in the simulation. 
Table 3 illustrates the boundary conditions adopted for simulating the thermal part that exists in the 
pool water.  
 
 
Table 3. Thermal boundary conditions for the pool 
Element Description Boundary Condition 
1 Pool Injector Temperature=27°C 
2 Skimmer Convective Flux 
3 Skimmer Convective Flux 
4 Skimmer Convective Flux 
5 Side Wall Insulation/Symmetry 
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6 Side Wall Insulation/Symmetry 
7 Side Wall Insulation/Symmetry 
8 Floor Insulation/Symmetry 
9 Free surface of the pool water Simmetry Boundary 
 
A critical variable in the simulation of the pool, is the water temperature, which was chosen to be 27 ° 
C. A temperature above this value, it can lead to the formation of algae, which may lead to hygiene 
problems. [7] 
 
3.2 Meshing 
One of the most critical points that exists within the simulation process is the mesh pool, since it 
controls the quality of the results. Due to the turbulent nature that exists in the pool, it was decided to 
conduct a fine mesh near the areas where the water flows in and out, as you can see in Figure 1 [8], [9]. 
 
 
 
 
Fig. 1 Meshing the pool 
 
 
3.3. Results 
 
The following simulations show the temperature distribution in the water of the pool, under critical 
conditions, which provide for the absence of solar radiation and persons, along with the use of the thermal 
blanket. 
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Fig. 2a One injector 
 
Fig 2b. Two injectors on one side 
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Fig 2c. Two injectors on Opposite Sides 
 
Fig. 3 Simulation of the pool. a) One injector b) Two injectors on one side c) Two injectors on Opposite 
Sides 
 
The configurations shown in Figures 2a and 2b show operating under critical conditions a good 
temperature distribution, which did not fall below 26 ° C. However, for the configuration 2c, showed 
significant details, as the water temperature in the central area of the pool is below 26 ° C. 
The above results correspond to a steady-state situation. Therefore, within comsol simulations, we 
considered the transitory aspect. This in order to visualize the behavior of the temperature of the pool 
under changing conditions. For this, there was a connection between the Comsol and Matlab order to 
establish the array of environmental conditions of the Medellin city, together with the conditional 
simulation required for on-off control. 
The following figures show the behavior of the water temperature of the pool, for each of the settings, 
respectively. 
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Fig 3a. One injector 
 
 
Fig 3b. Two injectors on one side 
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Fig 3c. Two injectors on Opposite Sides  
 
For the first configuration, the operating time required to keep the pool state was 436hour/month 
comfort, whereas for the second and third configurations is obtained times of 453 hour/month and 480 
hour/month, respectively. Moreover, the time required to raise the temperature of the pool at the desired 
level were 74hours, 98hours and 145hours, respectively. These results demonstrate that the initial 
configuration of the pool not only respond adequately to the homogenization of the water temperature, 
but also the operation time.   
                                                   
3.4 Results Analysis 
Each of the results obtained through Comsol software, allowed us to visualize the degree of 
homogenization of the temperature. However, the key factor in setting the position of the injectors is the 
degree of agitation formed in the pool water as a direct effect of turbulent flow, which improves the 
conditions of heat transfer. Obviously, the configuration 3 did not generate the degree of agitation 
necessary to homogenize the temperature, giving rise to areas where the velocity field is small in the 
center of the pool. However, this configuration is misleading, since temperatures are highest near the 
skimmers, and not in the middle of the pool, which leads to an evolution of the water temperature more 
quickly, without obtaining the degree of homogenization adequate. 
Regarding the configurations 1 and 2, showed a degree of homogeneity in high water temperature, 
however, it became clear that the operation time in case 2 the highest value reported because the 
turbulence is lower towards the other end pool.   
 
0 100 200 300 400 500 600 700 800
21
22
23
24
25
26
27
28
29
Time [h]
Te
m
pe
ra
tu
re
 o
f t
he
 p
oo
l [°
C]
 Cesar Isaza Roldan and Santiago Del Rio Rico /  Energy Procedia  57 ( 2014 )  2879 – 2887 2887
4. Conclusion 
CFD tools and software Comsol Multiphysics, can be used as tools for studying technical support in 
the construction of swimming pools, ensuring a high degree of homogenization temperature and low 
operating time. However, based on the simulations, it is crucial to prevent the location of injectors on 
opposite sides since this generates a relatively high velocity field at the perimeter of the pool but low in 
the central area. 
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